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Objective: The application of endovascular technology for the emergency treatment of traumatic vascular injuries is a new
frontier. This study examines recent nationwide use of endovascular therapy in acute arterial traumatic injuries.
Methods: This retrospective study used the National Trauma Data Bank (NTDB). Cases with a diagnosis of arterial
vascular injury were identified according to the International Classification of Diseases, Ninth Revision, Clinical Modifi-
cation, and procedure codes for endovascular therapy were selected. A descriptive analysis and multiple regressions were
performed to identify variables predictive of outcomes.
Results: From 1994 to 2003, 12,732 arterial injuries were identified. Between 1997 (when the first endovascular repair
was recorded in the NTDB) and 2003, 7286 open arterial repairs and 281 endovascular repairs were recorded for an
overall utilization rate for endovascular procedures of 3.7%. The yearly number of endovascular procedures registered in
the NTDB increased 27-fold, from four in 1997 to 107 in 2003. Use of stents substantially increased from 12 in 2000
to 30 in 2003; endograft use increased from one in 2000 to 37 in 2003. Nearly equal numbers of blunt (n  134) and
penetrating (n  111) injuries were treated. The injury severity score (median, interquartile range [IRQ]) was
significantly lower in patients who underwent an endovascular procedure at 13 (IRQ, 9 to 26) for trauma vs patients
requiring an open procedure at 20 (IRQ, 10 to 34; P < .001), a finding corroborated by the lower number of associated
injuries in patients undergoing endovascular repair (8.7 7.2 vs 13.0 16.1, P< .001). Using multivariable regression
to control for differences in injury severity score and associated injuries, mortality was significantly lower for patients
undergoing endovascular procedures (odds ratio, 0.18; P  .029) including those with an arterial injury of the torso or
head and neck (odds ratio, 0.51, P .007). Total length of hospital stay also tended to be lower for patients undergoing
endovascular procedures by 18% (P  .064).
Conclusion: The use of endovascular therapy in the setting of acute trauma is increasing in a dramatic fashion and is being
used to treat a wide variety of vessels injured by blunt and penetrating mechanisms. Endovascular therapy appears to be
particularly suitable for patients who present with less severe injuries and greater hemodynamic stability. These
preliminary data suggest that the use of endovascular therapy for acute traumatic arterial injuries yields shorter lengths
of stay and improved survival. ( J Vasc Surg 2007;46:1222-6.)Endovascular surgery has realized great success in the
elective treatment of vascular disease and is increasingly
used in emergency situations such as ruptured aortic aneu-
rysms.1 However, its usefulness in the realm of vascular
trauma, while potentially exciting, has not been systemati-
cally studied. Vascular injury, including occlusion, dissec-
tion, pseudoaneurysm, and arteriovenous fistula, may result
from blunt or penetrating trauma. Although conventional
open surgical repair is the standard treatment for most of
these injuries, it is often challenging because of its urgent
From the George E. Whalen Salt Lake City VA Health Care System,a
Division of Vascular Surgery,b Department of Surgery,c University of
Utah School of Medicine.
Competition of interest: none.
Presented in part at the Vascular Annual Meeting, Philadelphia, Pa, June
1-4, 2006.
Additional material for this article may be found online at www.jvascsurg.org.
Reprint requests: Larry W. Kraiss, MD, Division of Vascular Surgery,
3C344, University of Utah School of Medicine, 30 N 1900 E, Salt Lake
City, UT 84132 (e-mail: larry.kraiss@hsc.utah.edu).
0741-5214/$32.00
Copyright © 2007 by The Society for Vascular Surgery.
doi:10.1016/j.jvs.2007.08.023
1222nature, associated injuries, possible anatomic distortion,
excessive bleeding, and frequent contaminated fields.2
The utilization of endovascular surgery for themanage-
ment of arterial vascular trauma offers many potential ben-
efits. Angiography has always had a role in the diagnosis of
arterial trauma, but endovascular therapy now allows treat-
ment to be rapidly coupled with diagnosis. Embolization is
a well-established technique for hemostasis and is prefera-
ble to open surgery when intervention for bleeding pelvic
fractures is necessary.3,4 Significant tissue destruction and
contamination in the vicinity of the injury may make re-
mote vascular access advantageous. Finally, endovascular
balloon occlusion for vascular control may be used as an
adjunct to surgery when conventional exposure is techni-
cally challenging.5
This study examines nationwide trends in the applica-
tion of endovascular surgery to treat acute arterial trauma
from 1994 to 2003, a period of time when elective endo-
vascular techniques were being widely disseminated and
popularized. Our goal was to assess new techniques distinc-
tive to themodern endovascular era and their application to
arterial trauma for vascular reconstruction, not just embo-
lization or occlusion. We systematically examined the inci-
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to better define when endovascular management is most
feasible.
MATERIAL AND METHODS
The most recently available version of the National
Trauma Data Bank (NTDB, version 4.3),6 which includes
data on trauma admissions between the years 1994 to
2003, was evaluated for endovascular interventions. The
NTDB is maintained by the Subcommittee on Trauma
Registry Programs from the American College of Surgeons
Committee on Trauma. It contains a non-population-
based sample of hospitalized trauma patients in the United
States, with a strong contribution by larger hospitals with
younger, more severely injured patients. All hospitals that
participate have been designated as level I to IV trauma
centers. The NTDB is the most complete national database
for injured patients currently available. All data are subject
to continuous quality improvement and a system of logistic
checks set up by the NTDB. For NTDB 4.3, 448 trauma
centers participated, with a predominance of facilities des-
ignated as level I and II.
Patient identification is based on the International
Classification of Diseases, Ninth Revision, Clinical Modifi-
cation (ICD-9-CM)7 diagnosis and procedure codes for
arterial injury (Table I, online only). With this approach, we
excluded venous injuries commonly associated with pelvic
injuries and sought to study only recent usage of advanced
endovascular therapy for major arterial injuries. Within this
selected group, the data were further stratified by ICD-
9-CM procedure codes for open or endovascular repair
(Tables II and III online only).
Additional data included patient age, sex, race, hospital
teaching status, hospital type (public or private), geo-
graphic region (Midwest, Northeast, South, West), type of
injury (blunt or penetrating), first set of emergency depart-
ment (ED) vital signs, Glasgow Coma Score (GCS) in the
ED, total injury severity score (ISS), revised trauma score
(RTS), total number of associated injuries, and total hospi-
tal length of stay and intensive care unit (ICU) days.
Categoric variables for the treatment groups were com-
pared using 2 analysis or the Fisher exact test, as appropri-
ate. Continuous variables were compared using the two-
tailed t test. Two-group comparisons for ordered categoric
variables were performed using the Wilcoxon-Mann-
Whitney test. We used linear and logistic regression models
to assess factors associated with length of stay and in-
hospital mortality. Because hospital length of stay lacks
normality of the residual error, log transformation analysis
were used for hospital length of stay, and back-transforma-
tions were used to evaluate percentage change from the
median value.8
Significance for all tests was set at P  .05. All P values
are two-tailed. All analyses were performed using Stata 9.0
statistical software (StataCorp LP, College Station, Tex).RESULTS
We identified 12,732 patients with vascular injuries
from 1994 to 2003. An endovascular technique was used to
treat 281 patients, yielding an overall utilization rate of
endovascular procedures for diagnosed acute arterial
trauma of 2.2%. The first arterial endovascular procedure
registered in the NTDB was in 1997, and only four were
performed. Between 1997 and 2003, 7286 patients under-
went open repair of their arterial injury, and 281 endovas-
cular procedures (3.7%) were performed. Between 2000
and 2003, the proportion of endovascular interventions vs
open for arterial trauma increased from 2.4% to 8.1% (Fig
1). Stent use substantially increased from 12 in 2000 to 30
in 2003; endograft use increased from one in 2000 to 37 in
2003.
Our study attempted to identify arterial injuries only
and corresponding use of endovascular techniques. We
found two hypogastric arterial injuries requiring endovas-
cular procedures and one that underwent an open proce-
dure. This supports our attempt to exclude many of the coil
embolizations that are frequently performed for refractory
venous pelvic bleeding.
There were no differences in age or sex between the
two treatment groups (Table IV). Roughly equal numbers
of blunt and penetrating injuries were treated by either
technique. More endovascular procedures were performed
at public than private institutions (163 vs 118) and univer-
sity hospitals compared with community hospitals (157 vs
124), perhaps reflecting that this type of emerging treat-
ment is more likely to be applied in institutions with an
academic affiliation. There were no regional variations in
use of endovascular procedures vs open procedures among
trauma centers reporting to the NTDB among the North-
east, Midwest, South, or West.
The ISS and RTS values were significantly different in
the endovascular cohort compared with those who received
an open procedure; both scores indicate that the endovas-
Fig 1. Endovascular (Endo) procedures by year submitted to the
National Trauma Data Bank (NTDB) from 1997 to 2003. No
endovascular procedures were recorded by the NTDB from 1994
to 1997. The progressive increase in open arterial repair between
1997 and 2000 corresponds with an overall increase in the number
of centers reporting data to the NTDB and probably does not
represent a true increase in the incidence of arterial trauma.cular patients were more stable on presentation than pa-
amete
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Correspondingly, the number of associated injuries for
patients undergoing endovascular procedures was also
lower than for patients undergoing open procedures. There
were fewer head injuries and higher GCS scores recorded in
the ED for endovascular patients relative to those under-
going an open procedure.
Overall, slightly more patients undergoing an endovas-
cular procedure survived to hospital discharge (89.7%)
compared with patients undergoing an open procedure
(87.3%) for their arterial injury, although this difference in
crude mortality was not statistically significant (P  .25).
Patients with thoracic aortic injuries seemed to benefit
more from endovascular repair. During the study period,
29 patients with thoracic aortic injuries (ICD-9 diagnostic
codes 901.0, 441.01, 441.1, and 441.2) were treated by an
endovascular technique with one in-hospital death (3%
Table IV. Results for endovascular vs open procedures fo
1997 to 2003
Variable*
Procedures, total
Age, y
Sex, No. (%)
Female
Male
Type of injury, No. (%)
Blunt
Penetrating
Arteries most commonly injured by blunt trauma
I
Arteries most commonly injured by penetrating trauma
Su
Institution, No. (%)
Public
Private
University
Community
Geographic region
Northeast
South
Midwest
West
Injury severity score†
Revised trauma score‡
Associated injuries, No.
Patients with head injuries, %
ED GSC
Mortality
Overall
Thoracic aortic injury
Length of stay, d
Overall
ICU
ED GSC, Emergency department Glasgow Coma Score; ICU, intensive car
*Continuous variables are expressed as mean  SD.
†The injury severity score is expressed as median value with corresponding
‡Revised trauma score is calculated as (0.9368 GCS) 0.7326 systolic
injury.
§See Methods for discussion of analysis of statistical significance for this parmortality), but 1759 thoracic aortic injuries were treated byopen surgery with 337 deaths (19% mortality). This differ-
ence in mortality for thoracic aortic injuries was statistically
significant (P  .03)
Logistic regression analysis performed on the entire
patient cohort also revealed an overall survival advantage
for endovascular repair after controlling for ISS, patient
age, number of associated injuries, and total ICU days
(odds ratio for death, 0.18; 95% confidence interval [CI],
0.040 to 0.84, P .029). To further explore this apparent
difference in mortality, we used the same variables to per-
form a regression subanalysis of the outcomes of patients
who sustained injuries to the large vessels of the torso or
head and neck because successful endovascular manage-
ment may spare the patient a very large magnitude or risky
open surgical procedure. Patients with a torso arterial injury
treated by an endovascular procedure had a significant
survival advantage compared with an open procedure (odds
rial trauma from the National Trauma Data Bank from
ndovascular Open (2000-2003) P
281 7286 . . .
4.8  16.3 35.1  16.5 NS
52 (18.5) 1523 (20.9) NS
229 (81.5) 5763 (79.1)
154 (55) 3934 (54) NS
127 (45) 3352 (46)
liac artery Thoracic aorta
oracic aorta Popliteal artery . . .
al carotid artery Brachial artery
achial artery Brachial artery
ial femoral artery Superficial femoral artery . . .
163 (58) 2842 (39)
118 (42) 4444 (61) . . .
157 (56) 5027 (69)
124 (44) 2259 (31) . . .
16 (5.7) 510 (7)
116 (41.3) 2703 (37.1) . . .
89 (31.7) 2098 (28.8)
60 (21.3) 1975 (27.1)
13 (9-26) 20 (10-34) .001
6.9  2.1 5.8  3.1 .001
8.7  7.2 13.0  16.1 .001
2.65 3.27 NS
2.1  4.7 11.2  5.1 .006
/281 (10.3) 919/7286 (12.6) NS
1/29 (3) 337/1759 (19) .03
6.2  17.4 19.9  22.8 .06§
8.5  12.2 10.6  15.2
.
uartile range. Higher values represent more severe injury.
pressure (0.2908 respiratory rate). Higher values represent less severe
r.r arte
E
3
I
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1
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1
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bloodratio for death, 0.51; 95% CI, 0.31 to 0.83, P  .007).
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therapy provided protection from stroke for head and neck
arterial injuries or amputation for extremity arterial injuries.
However, the NTDB contained no record of stroke, cere-
brovascular accident, or amputation in our study popula-
tion.
Endovascular procedures were associated with a trend
towards decreased total length of overall hospital stay by
18% (P  .064) after controlling for ISS, patient age,
number of associated injuries, total ICU days, and death.
DISCUSSION
In patients with a traumatic arterial injury, a standard
open surgical approach for repair is no longer the only
option. The use of endovascular therapy in the setting of
acute trauma is increasing in dramatic fashion, as evidenced
by the steep slope of procedure volume in recent years (Fig
1). There was no corresponding change in the number of
open procedures between 2000 and 2003. Our objective
was to document this dramatic increase in endovascular
arterial procedures and attempt to describe the patient
population benefiting from these less-invasive procedures.
To the best of our knowledge, this is the first systematic
evaluation of endovascular technology for arterial injury in
trauma among the myriad case reports and case series that
have been published.
To date, these procedures have been performed on
patients with fewer associated injuries and who are more
stable, as demonstrated by ISS and RTS values. Trauma-
tologists may feel more comfortable allowing relatively
stable patients to be transported to a special procedures
suite for the time required to accomplish catheter-based
diagnosis and treatment. In our experience, unstable
trauma patients are transported to the angiography suite
only when open surgical interventions are considered inef-
Fig 2. Patients with arterial injury undergoing endovascular pro-
cedures have a lower injury severity score and fewer associated
injuries compared with patients undergoing open procedures.
Values are the mean, error bars show the standard error of the
mean.fectual, such as for transcatheter embolization for controlof tertiary arterial or venous hemorrhage, or both, after a
pelvic or visceral injury. We excluded this patient popula-
tion from our analysis by focusing on treatment of trau-
matic arterial injuries of anatomically named vessels using
endovascular therapies such as stenting, endografts, and
angioplasty. Feasibility of endovascular therapy in this pop-
ulation of patients has now been clearly demonstrated.
Extension of such treatment to less stable patients with
arterial injury, who might otherwise receive open surgery,
will probably require modifications of infrastructure that
provide access to advanced imaging capability and endovas-
cular inventory in the same areas where ongoing trauma
evaluation and resuscitation can occur.
The potential benefits of an endovascular procedure are
obvious and may have been responsible for the improved
outcomes in this group compared with patients receiving
an open repair. In thoracic aortic trauma, for example, the
benefits of an endovascular procedure include avoidance of
thoracotomy-associated complications, no need for aortic
cross-clamping with related ischemic events, less blood loss
and fluid shifts, and no extracorporeal bypass. Indeed,
when we analyzed traumatic injuries to the torso, a distinct
in-hospital survival advantage was demonstrated for endo-
vascular vs open repair. This advantage is also reflected in
the trend toward decreased total hospital length of stay,
even when controlling for ISS and the RTS, which are
indicators of the patient’s physiologic status. Others have
made the same observation.9,10
There are potential disadvantages of endovascular pro-
cedures for acute arterial trauma. Many implants, especially
endografts, require ongoing surveillance for complications
such as migration or the development of endoleaks. The
average age of trauma victims in our study was 34.8 years.
These patients are presumably going to have a nearly nor-
mal life expectancy. Is long-term surveillance necessary?
Continued evaluation of outcomes after endovascular
treatment will be important and will add a level of complex-
ity to follow-up care. In patients undergoing elective ab-
dominal aortic aneurysm repair, mid-term survival and
quality of life measures have not shown a distinct advantage
of endovascular procedures compared with open proce-
dures.11 However, assuming that subsequent studies also
show improved short-term survival with endovascular
treatment, its widespread use is probably justified even the
incidence of late complications is increased.
Improved outcomes may also result from the develop-
ment of endovascular devices more appropriately sized for
this patient population. Young trauma victims have smaller
aortas compared with the older aneurysm patient popula-
tion. In one study, trauma victims were noted to have an
average thoracic aorta diameter of 19.3 mm, which is
smaller than conventional endograft sizes.12 We have been
challenged by the need to fit large-diameter devices into
small aortas, often resulting in device buckling or crimping.
The potential use of endovascular therapy as a bridge to
an open procedure while the patient is recovering from
associated injuries is another avenue that could potentially
be explored in the future.
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with extracting information from a large administrative
database. ICD-9-CM diagnostic and procedure codes are
used, which at times, can be vague and lack specificity,
especially for procedures. The database is subject to selec-
tion bias and information bias from nonsystematic sam-
pling. The quality of the data is difficult to assess indepen-
dently and under-reporting is a potential confounder. We
are unable to report the types of associated injuries or
complications (such as stroke) and the type of concurrent
surgical procedures (such as amputations) with accuracy
given the constraints of the NTDB.
During the time period analyzed, the number of
trauma centers contributing data to the NTDB did not
remain constant, and the progressive increase in open sur-
gical repairs observed from 1997 through 2000 corre-
sponds with an overall increase in participating centers (Fig
1). However, from 2000 to 2003, the number of open
surgical repairs for arterial trauma did plateau and remain
relatively stable while a threefold to fourfold increase in
endovascular interventions occurred. We think it is highly
unlikely that the disproportionate rise in endovascular vs
open procedures is simply due to a change in the composi-
tion of the centers reporting data to the NTDB.
With regard to specific vascular outcomes, the NTDB
does not permit us to evaluate the appropriateness of the
endovascular procedure given the clinical situation. Nor
can we identify complications of treatment that are specif-
ically attributable to the type of vascular repair used, such as
development of endoleaks, or device migration, or long-
term durability issues such as endograft longevity or in-
stent restenosis.
CONCLUSION
Increased familiarity with and refinements in endovas-
cular techniques have allowed surgeons to adopt this ap-
proach in nonelective situations such as ruptured aneu-
rysms and trauma. The potential benefits of this technology
make it a very attractive alternative to the previous standard,
especially when treating trauma that involves vessels of the
torso. Additional studies are necessary to confirm our find-
ing of improved survival and to characterize the long-term
performance of endovascular repairs in this young patient
population. However, our findings provide a platform and
justification for even more widespread use of catheter-
based procedures for the treatment of arterial trauma.AUTHOR CONTRIBUTIONS
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442.89 Aneurysm of other mediastinal or spinal
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Volume 46, Number 6 Reuben et al 1226.e1Table II. (online only). International Classification of
Diseases, Ninth Revision, Clinical Modification procedure
codes used to define endovascular procedures in the study
population
Code Procedure description
39.7 Endovascular repair of vessels, endoluminal repair
39.71 Endovascular implantation of graft in the abdominal
aorta, endovascular repair of abdominal aortic
aneurysm with graft or stent graft(s)
39.72 Endovascular repair or occlusion of head and neck
vessels, including coil embolization or occlusion,
endografts, endovascular grafts, liquid tissue
adhesive (glue) embolization or occlusion, other
implant or substance for repair, embolization or
occlusion
39.79 Other endovascular repair (of aneurysm) or other
vessels (coil embolization or occlusion, endografts,
endovascular grafts, liquid tissue adhesive (glue)
embolization or occlusion, or other implant or
substance for repair, embolization or occlusion
39.50 Angioplasty or atherectomy of noncoronary vessel
39.90 Insertion of non-drug-eluting stent, peripheral vessel
00.55 Insertion of drug-eluting peripheral vascular stents,
endografts, endovascular grafts or stent graftsTable I. (online only). International Classification of
Diseases, Ninth Revision, Clinical Modification diagnosis
codes used to define vascular injury, aneurysm, and
arterial dissection in the study population
Code Blood vessels of the head and neck
900.0 Carotid artery injury
900.00 Carotid artery unspecified
900.01 Common carotid injury
900.02 External carotid injury
900.03 Internal carotid injury
Blood vessels of the torso
901.0 Thoracic aorta
901.1 Innominate and subclavian arteries
902.0 Abdominal aorta
902.4 Renal blood vessels
902.40 Renal blood vessel unspecified
902.41 Renal artery
902.5 Iliac blood vessel
902.50 Iliac vessel unspecified
902.51 Hypogastric artery
902.53 Iliac artery
Blood vessels of the extremities
903.01 Axillary artery
903.1 Brachial blood vessel
904.0 Common femoral artery
904.1 Superficial femoral artery
904.4 Popliteal blood vessel
904.40 Popliteal blood vessel unspecified
904.41 Popliteal artery
Aneurysm/dissection
441.0 Dissection of aorta
441.01 Dissection of thoracic aorta
441.02 Dissection of abdominal aorta
441.03 Dissection of thoracoabdominal aorta
441.1 Ruptured thoracic aneurysm
441.2 Thoracic aneurysm without rupture
441.3 Abdominal aneurysm ruptured
441.4 Abdominal aneurysm without rupture
441.5 Aortic aneurysm of unspecified site, ruptured
441.6 Thoracoabdominal aneurysm ruptured
441.7 Thoracoabdominal aneurysm without rupture
441.9 Aortic aneurysm of unspecified site without rupture
442.0 Aneurysm of artery of upper extremity
442.1 Aneurysm of renal artery
442.2 Aneurysm of iliac artery
442.3 Aneurysm of lower extremity (femoral/popliteal)
442.8 Aneurysm of other specified artery
442.81 Aneurysm of carotid artery
442.82 Aneurysm of subclavian artery
442.83 Aneurysm of splenic artery
442.84 Aneurysm of other visceral artery
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Diseases, Ninth Revision, Clinical Modification procedure
codes used to define open surgical procedures in the
study population
Code Procedure description
38 Incision, excision, occlusion of vessels
38.0 Incision of vessel, embolectomy, thrombectomy
38.0X 0  unspecified
(0-6,8) 1  intracranial vessels
2  other vessels of the head & neck
3  upper limb vessels
4  aorta
5  other thoracic vessels
6  abdominal arteries
8  lower limb arteries
38.1 (0-6,8) Endarterectomy
38.3 (0-6,8) Resection of vessel with anastomosis
38.4 (0-6,8) Resection of vessel with replacement
38.6 (0-6,8) Other excision of vessel
38.7 (0-6,8) Interruption of vena cava
38.8 Other surgical occlusion of vessels
39.0 Other operations on vessels
39.1 Intra-abdominal venous shunt
39.2 Other shunt of vascular procedure
39.21 Caval-pulmonary artery anastomosis
39.22 Aorta-subclavian-carotid bypass
39.23 Other intrathoracic vascular shunt or bypass
39.24 Aorta-renal bypass
39.25 Aorta-iliac bypass
39.26 Other intra-abdominal vascular shunt/bypass
39.28 Extracranial-intracranial (EC-IC) vascular bypass
39.29 Other (peripheral) vascular shunt or bypass
(includes axillary-brachial, axillary-femoral,
brachial, femoral-femoral, femoral-peroneal,
femoral-popliteal, femoral-tibial, popliteal,
and not otherwise specified)
39.3 Suture of vessel—repair of laceration
39.30 Suture of unspecified vessel
39.31 Suture of unspecified artery
39.4 Revision of vascular procedure
39.41 Control of hemorrhage after vascular surgery
39.54 Reentry operation (aorta)—fenestration of
dissecting aneurysm
39.55 Reimplant of aberrant renal vessel
39.56 Repair of vessel with tissue patch graft
39.57 Repair of vessel with synthetic graft
39.58 Repair of vessel with unspecified graft
39.59 Other repair of vessel (placation, reimplant,
construction of valves, arterioplasty not
otherwise specified)
